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Duplex ultrasound imaging to detect limb stenosis
or kinking of endovascular device
Aaron S. Blom, DO, Douglas Troutman, DO, Brian Beeman, MD, Mark Yarchoan, BA,
Matthew J. Dougherty, MD, and Keith D. Calligaro, MD, Philadelphia, Pa
Objective:We attempted to correlate duplex ultrasound (DU) findings with the clinical outcome of graft limb stenosis or
kinking after endovascular aneurysm repair (EVAR).
Methods: Between 1998 and 2010, 248 patients underwent EVAR and postoperative DU surveillance of 496 graft limbs
in our accredited noninvasive vascular laboratory by one of three experienced technologists. Routine DU surveillance was
performed 1 week, 6 months, and annually after EVAR. Peak systolic velocities (PSVs) were measured in the body and
midportion and distal attachment site of both limbs of the graft, and adjacent PSV ratios were calculated.
Results: None of 479 graft limbs with a PSV of <300 cm/s occluded during long-term follow-up (mean, 22.3 months;
range, 1-123months). Of 17 graft limbs with a PSV>300 cm/s, seven occluded (0 of 479 vs 7 of 17, P< .01; sensitivity,
100%; specificity, 98%), five underwent prophylactic intervention (mean adjacent PSV ratio, 7.3), and five (30%) remained
patent without intervention (mean PSV ratio, 3.2).
Conclusions: This large series of DU surveillance for failing EVARs grafts suggests that graft limbs with PSVs<300 cm/s
can be safely monitored. However, limbs with more elevated PSVs may benefit from prophylactic intervention or more
frequent surveillance to prevent limb occlusion. (J Vasc Surg 2012;55:1577-80.)
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aAortic endograft limb thrombosis is a known compli-
cation after endovascular repair (EVAR) of abdominal aor-
tic aneurysms (AAA).1-6 After limb thrombosis, additional
interventions may be required, which include but are not
limited to endovascular and open surgical revasculariza-
tion.7-9 Predisposing factors that may contribute to graft
limb thrombosis include areas of stenosis and kinking, such
as the aortic bifurcation and within the iliac arteries,3,10,11
unsupported endograft devices,2 nonuniformity of the en-
dograft lumen from device overlap,12 and changes in static
and dynamic forces exerted on the endograft itself.13,14
Most EVAR surveillance today is done primarily with
serial computed tomography angiography (CTA) or mul-
timodality imaging, such as a combination of CT scans and
duplex ultrasound (DU) imaging. We have demonstrated
that DU imaging in our noninvasive laboratory by experi-
enced registered vascular technologists (RVTs) can be
safely used as a stand-alone study to monitor EVAR pa-
tients in a cost-effective manner and avoids the risk of
contrast agents and ionizing radiation.15 We have also
validated the use of DU for the detection of type II en-
doleaks and AAA sac expansion.16 In the present study, we
attempted to define a set of quantitative DU parameters to
predict graft limb failure in a large cohort of EVAR patients.
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From September 1998 to December 2010, 248 pa-
ients underwent EVAR and postoperative surveillance by
he Vascular Surgery Service at Pennsylvania Hospital in
hiladelphia, yielding 496 graft limbs for analysis. Six types
f endografts were used during this period: Ancure (Endo-
ascular Technologies, Menlo Park, Calif) early in our
xperience, and later, AneuRx (Medtronic, Minneapolis,
inn), Excluder (W. L. Gore and Assoc Inc, Flagstaff,
riz), Zenith (Cook Medical Inc, Bloomington, Ind), and
owerlink (Endologix, Irvine, Calif; Table).
Routine DU surveillance was performed 1 week, 6
onths, and annually after endograft insertion if no prob-
ems were found. All patients in the current series had
ollow-up DU scans in our accredited vascular laboratory
y one of three experienced vascular technologists. Each
atient was included in a prospectively maintained comput-
rized registry using Access software (Microsoft Corp, Red-
ond, Wash). The scans were done on high-definition,
olor-flow Doppler equipment using 2- to 4-MHz trans-
ucers with 10.4 software (Phillips HD-11, Phillips HDI-
000, Phillips HD-3000, Bothell, Wash).
After overnight fasting, the DU examination com-
enced with the patient supine. Imaging of the aorta was
erformed from the celiac artery to the iliac bifurcation in
he longitudinal and transverse axes. The iliac and common
emoral arteries were scanned in a similar fashion. Trans-
erse measurements relative to the native aorta were made
ust proximal to the celiac artery, at the level of the renal
rteries, at the maximal aneurysm diameter, and just prox-
mal to the aortic bifurcation.
Peak systolic velocities (PSV) were measured in the
ody of the endograft and in the midportion and distal
ttachment sites of both limbs of the graft. From these data,
djacent PSV ratios were subsequently calculated. Sites of
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determined by the B-mode image data.
Statistical analysis was performed by an independent
biostatistician. This study was a retrospective review of a
prospectively collected database. We used generally ac-
cepted guidelines for DU criteria for failing lower extremity
grafts. Upon retrospective review, 300 cm/s appeared to
be the most suitable cutoff. The Pearson 2 test was used to
compare the outcomes of limbs with PSV300 cm/s with
the outcomes of limbs with PSV 300 cm/s. The  or
significance level was set at 0.05.
RESULTS
The study cohort comprised 248 EVAR patients, yield-
ing 496 limbs for analysis in the current report. Of these,
479 limbs (96%) had a maximum PSV 300 cm/s. None
of these limbs occluded during a mean follow-up of 33
months (range, 2months-10 years). Seven of 17 limbs (4%)
with a maximum PSV 300 cm/s occluded before any
intervention (0 of 479 vs 7 of 17, P .001), for a sensitivity
of 100% (7 of 7) and specificity of 98% (479 of 489). Five
limbs with an elevated PSV underwent prophylactic inter-
vention to prevent limb occlusion from 1 week (suggesting
a technical problem) to 5 years (suggesting intimal hyper-
plasia at the distal attachment site or progressive limb
kinking) after the graft was placed. Five limbs with an
elevated PSV remained patent without any intervention
throughout a mean follow-up of 46 months (range, 1
month-10 years).
Interventions in the five limbs that underwent prophy-
lactic treatment consisted of femorofemoral bypass grafting
in one patient, axillofemoral bypass grafting in one patient,
and endovascular interventions in three patients (insertion
of two stents, one stent graft into failing limbs). The 12
limbs with PSV 300 cm/s that occluded or underwent
prophylactic intervention had an average PSV ratio of 7.3.
The remaining five limbs with PSV 300 cm/s that re-
mained patent without any further intervention had an
average PSV ratio of 3.5. In this group, the patients refused
intervention,1 were determined to be poor candidates for
further intervention,1 or the surgeon felt the patient could
be safely monitored based on relatively low adjacent PSV
ratios (three patients).
In the group with PSV 300 cm/s, there was no
Table. Outcomes according to graft type
Graft type
Total
patients
(No.)
Total
limbs
(No.)
Limbs requiring
intervention
No. (%)
Ancure 12 24 0 (0)
AneuRx 103 206 7 (3.4)
Excluder 41 82 1 (1.2)
Endologix 13 26 0 (0)
Zenith 79 158 4 (2.5)
Of the 17 limbs with peak systolic velocity300 cm/s, five did not undergo
an intervention.correlation between the type of endograft used and the tubsequent limb failure, although the small number of graft
imb occlusions or failing limbs renders any correlation
ifficult to prove (Table). Even whenwe considered the five
imbs with PSV300 cm/s that did not undergo interven-
ion (two Ancure, one AneuRx, one Excluder, one Zenith),
here were no significant differences in limb stenosis and
inking among the different graft types.
ISCUSSION
The use of EVAR for repair of AAA has grown expo-
entially during the past decade. Graft limb failure is a
nown complication after EVAR.1-3,8,17 Although the in-
idence of limb failure is small, the consequences to the
atient can be devastating. In addition, because graft sur-
eillance is necessary to identify endoleaks, DU imaging
an potentially be used to identify failing EVAR limbs
uring the same study.
DU-only surveillance after EVAR is becoming increas-
ngly used at many institutions across the country. Al-
hough DU imaging has played a role in EVAR surveillance
or almost 15 years, our institution has used a DU-only
urveillance program for EVAR for 5 years. Only if DU
maging identifies a problem is a CTA performed. We have
reviously validated the use of DU-only surveillance for
etection of type II endoleaks and increasing AAA sac
ize.16 In addition, we have suggested that DU imaging for
urveillance of peripheral prosthetic arterial vascular grafts
s worthwhile because it is easier to intervene on a failing
raft than on a failed graft.18-20
The reasons for limb kinking, stenosis, or occlusion are
ot entirely clear, but many theories exist. Carroccio et al17
osit that endografts with a small graft limb diameter and
raft limb extensions that extend into the external iliac
rtery predispose to graft limb thrombosis. Baum et al2
eport that the development of kinks can be related to
ortuosity in the iliac arteries, twisting that occurs as part of
tent deployment, compression by the organization of
hrombus within the excluded aneurysm, or decreased lat-
ral wall force from increased forward blood flow.2 In
ddition, the nature of the graft material may contribute to
hrombogenicity in the presence of stenosis.2
In a subset analysis of the European Collaborators on
tent-Graft Techniques for AAA and Thoracic Aortic An-
urysm and Dissection Repair (EUROSTAR) registry that
tudied secondary interventions after EVAR for endoleak
r graft stenosis or thrombosis, 186 of 1023 study partici-
ants (18%) required secondary interventions, ranging
rom transabdominal interventions to endovascular thera-
ies. In this study, 21 patients (2%) required extra-
natomic bypass (all femorofemoral). The reasons for extra-
natomic bypass in these patients were graft thrombosis in
4 (6.6%), stenosis in three (1.4%), and limb kinking in four
1.9%).8 Finally, earlier studies that used endografts with
nsupported limbs found that, compared with supported
imbs, there was a significantly higher rate of secondary
nterventions (up to 15 times more likely) due to kinking in
he unsupported limbs.1,2
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Volume 55, Number 6 Blom et al 1579Various grafts have different “stiffness” that can af-
fect the velocities. In our series, the number of limbs
with PSV 300 cm/s that underwent intervention was
somewhat evenly distributed across all five graft types
(Table). Even when we considered the five limbs with
PSV 300 that did not undergo intervention, there was
no difference between the type of graft and those with
and without PSV 300 cm/s.
To our knowledge, the present study is the largest and
only study to date to examine EVAR limb failure using a
DU-only surveillance strategy. In this study, we attempted
to define quantitative variables that would accurately and
reproducibly predict a pattern of failure in EVAR limbs.
This is in contrast to the mentioned studies that relied on
predominately qualitative variables to predict which limbs
would fail. In addition, these authors looked at limbs that
had failed and then examined their angiographic or CT
imaging data to make the determination about why limb
failure occurred. In contrast, we relied only on the serial
limb PSVs and adjacent ratios to construct a pattern for
predicting which limbs would fail or which should undergo
prophylactic intervention or more frequent surveillance.
Our results were quite striking: none of the limbs with
PSV 300 cm/s failed; however, 12 of the 17 limbs with
PSV 300 cm/s occluded or required prophylactic inter-
vention to prevent them from failing. Further analysis
revealed that the five limbs with PSV 300 cm/s that had
a PSV ratio 3.5 remained patent, whereas the 12 limbs
with higher PSV ratios (5) occluded or underwent inter-
vention. In addition, in contrast to the mentioned theo-
ries regarding limb failure, we did not find any other
factors that contributed to limb failure other than an
increased PSV 300 cm/s.
This study has some limitations. First, this was a retro-
spective review of prospectively collected data during a
10-year period. Some groups have advocated doing this as
a means of trying to “find” a specific anatomic variant that
predisposed to limb failure, but our standard protocol
when performing EVAR is to treat stenotic limbs at the
time of completion arteriogram. Also, success of DU imag-
ing alone for EVAR surveillance depends heavily on RVT
experience and accuracy, and an adequate examination can
be time-consuming. Thus, our results may not be able to be
reproduced by all RVTs.
CONCLUSIONS
Our results suggest that limbs with PSV 300 cm/s
and PSV ratios 3.5 undergo more frequent monitoring.
In limbs with PSV 300 cm/s and ratios 3.5, we gener-
ally would recommend patients proceed directly to arte-
riography with intervention.
With special thanks to Amy Praestgaard, MS, Director,
Biostatistics Analysis Center, University of Pennsylvania
Center for Clinical Epidemiology and Biostatistics.
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